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way that some of the mobile stations be- 
long to one subscriber class and some to 
at least one other suscriber class. In this 
method, the mobile stations (MS) mea- 
sure the signals from the base transceiver 




(BTS) measures the signal level and quality of the radio connection established, and the need for handover is determined and a target 
base transceiver station for handover is selected based on the results of the said measurements. Characteristic of the handover method in 
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classes specified for handover for the particular base transceiver station (BTS9) involved. 
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A METHOD OF HANDOVER IN A COMMUNICATION SYSTEM, SUCH A SYSTEM AND A BASE STATION 
CONTROLLER 

Field of the invention 

The present invention relates to a method of handover in a mobile 
5 communications system including base transceiver stations and mobile 
stations, which establish a radio connection with the base transceiver 
stations, with the mobile stations being assigned to subscriber classes such 
that some of the mobile stations are assigned to one subscriber class and 
some to at least one other subscriber class. 
10 In addition, the invention relates to a mobile communications 

system and a base station controller. 



Technical background 

Figure 1 in the enclosed drawing shows a simplified block diagram 

15 of the pan-European GSM mobile communications system. The mobile 
station MS is connected over a radio path to one base transceiver station 
BTS, in the case illustrated in Figure 1 to the base transceiver station BTS1. 
The base transceiver stations BTS continuously transmit on broadcasting 
channels information about themselves intended for all mobile stations MS, 

20 such as cell identity CI, information on the neighbouring cells, and the 
location area identifier LAI. The base station system BSS consists of a base 
station controller BSC and of base transceiver stations BTS controlled by the 
BSC. Usually, several base station controllers BSC operate under one 
mobile services switching centre MSC. A mobile services switching centre 

25 MSC is connected to other mobile services switching centres and, via the 
gateway mobile services switching centre GMSC, the GSM network gains 
access to other networks, such as the public services telephone network 
PSTN, another public land mobile network PLMN or the ISDN network ISDN. 
Operation of the entire system is monitored by the operation and 

30 maintenance centre OMC. Information on the mobile station MS subscriber is 
permanently stored in the home location register HLR and temporarily in the 
visitor location register VLR of the area where the mobile station MS is 
located at each time. 

In cellular mobile communications systems, the mobile station 

35 may roam freely within the area of the mobile communications network and 
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connect to the best base transceiver station signal available. An attempt is 
then made to connect all mobile-originated and mobile-terminated calls via 
the base transceiver station BTS transmitting the strongest signal. Usually, 
all the base transceiver stations offer an essentially identical service for the 
5 mobile stations in the network. However, a number of base transceiver 
stations can, by means of a cell barring parameter, be defined as accessible 
only to mobile stations of a particular subscriber class, for example for use by 
test users. Using the cell barring parameter, it is possible to block the set-up 
of a call originating from mobile stations other than those of the class with 

10 access to the base transceiver station involved. In the GSM mobile 
communications system, the cell barring parameter is transmitted on the 
broadcasting channel of the base transceiver station in the form of the 
CELL_BAR_ACCESS parameter, which is used, for example, during 
maintenance of the base transceiver station or at base transceiver station in 

15 test use. 

A mobile station MS continuously measures the nearest base 
transceiver stations BTS for the best signal or in preparation for potential cell 
change-over. In the GSM mobile communications system, for example, a 
mobile station MS is able to measure the level and quality of the signal from 

20 the serving base transceiver station while simultaneously measuring a 
maximum of 32 other base transceiver stations for signal level. The mobile 
station MS regularly transmits a measurement report containing the results of 
the measurements for the serving base transceiver station and for a 
maximum of the six best neighbouring base transceiver stations via the 

25 serving base transceiver station BTS1 to the base station controller BSC, 
which makes the decision on handover. 

In a cellular mobile communications system, radio coverage is 
achieved by several slightly overlapping radio cells. When a mobile station 
passes from one cell to another, handover to the base transceiver station of 

30 the new cell will take place based on predetermined handover criteria. Where 
possible, handover is effected in a way that least interferes with the on-going 
telephone call. Usually, handover from a traffic channel to another or from a 
signalling channel to another is carried out when the criteria for handover 
defined by the operator are satisfied. A directed retry may also be construed 
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as a handover when, during call set-up, the traffic channel is selected from a 
cell other than the cell where signalling was carried out . 

A handover is normally effected when the handover criteria 
defined for the radio path are satisfied but it can be carried out for other 
5 reasons as well, for example in order to redistribute load or reduce 
transmission power. The handover criteria include low signal level and/or 
quality of the currently serving cell or the availability of a better signal level or 
quality in the neighbouring cell. In addition, a priority list of neighbouring cells 
can also be defined specifically for each base transceiver station BTS, 

1 0 specifying one or several of the base transceiver stations as primary cells for 
handover. If so, handover will be effected to the priority cells providing that 
the signal is adequate for maintaining the radio contact. 

The problem with known handover procedures is that handover of 
all mobile stations can also be effected to base transceiver stations for which 

15 a barring parameter has been set. For example, mobile stations other than 
those used for testing can be switched to a base transceiver station being 
tested, which complicates the testing of such a base transceiver station as a 
result of interference from other traffic. A base transceiver station intended 
for restricted use can be omitted from the list of neighbouring base 

20 transceiver stations to ensure that no attempt is made to connect to this base 
transceiver station by way of handover. However, the problem remains that, 
if both the base transceiver station and the mobile stations are being tested, 
then handover of the mobile stations cannot be tested because the base 
transceiver station, while being tested, is blocked for handovers of all mobile 

25 stations. 

A brief summary of the invention 

The idea of the present invention is to restrict subscriber handover 
to base transceiver stations intended for special uses, such as testing. 
30 This objective is accomplished by employing a method and a 

mobile communications system in accordance with the present invention 
characterised by features described in the independent patent claims 1 and 
7. Particular embodiments of the invention are presented in the dependent 
patent claims. 
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The base station controller to which this invention relates is 
characterised by the independent patent claim 8. 

The invention is based on the idea that authorised subscriber 
classes are defined for a base transceiver station specifying the user 
5 categories for which handover to that particular base transceiver station is 
allowed. As a result, handover of mobile stations to a base transceiver 
station is prevented if the subscriber class of the mobile station is not defined 
for that particular base transceiver station. Thus, the subscriber class of the 
mobile station is introduced as an additional criterion for handover. For 
10 example, handover to a base transceiver station that is being tested is only 
possible for mobile stations defined for test use. 

One of the advantages of such handover is that handover can be 
tested to and from the test base transceiver station, for example between 
micro and macro cells, without making the test base transceiver station 
15 available for commercial use. This makes it possible to test new cells and 
optimise their radio parameters during the test operation before giving 
access to normal paying subscribers. 

Another advantage of handover in accordance with the present 
invention is that the testing of a new cell will not interfere with the operation 
20 of the network, as normal users are not offered any service by the cells being 
tested. 

An additional advantage offered by the invention is that new cells 
can be subjected to a load by test users in controlled testing conditions 
without interference from normal traffic. 

25 

List of drawings 

The invention is explained in greater detail in connection with 
preferred embodiments with reference to the following drawings, of which: 

30 Figure 1 illustrates sections of a mobile communications network that are 
essential to the invention; 
Figure 2 illustrates an example of the cellular structure of the radio 
network;, and 

Figure 3 represents the handover method in accordance with the invention 
35 in the form of a flow chart. 



WO 98/58515 



PCT/FI98/00464 



A detailed description of the invention 

The present invention can be used for any mobile communications 
system. The invention is described in detail below by primarily using 
5 examples based on the pan-European digital GSM mobile communications 
network. Figure 1 illustrates the structure of the GSM network in a simplified 
form referred to above. For a more detailed description of the GSM system, 
reference is made to the GSM recommendations and the book 'The GSM 
System for Mobile Communications", M. Mouly & M. Pautet, Palaiseau, 

10 France, 1992, ISBN:2-95071 90-0-7. 

The invention is explained in more detail below in the light of its 
first embodiment with reference to Figures 2 and 3. 

Figure 2 shows an example of the cellular structure of a radio 
network. In cells C1, C2 and C3, no specific restrictions for access by various 

15 user groups have been defined for base transceiver stations BTS1, BTS2 
and BTS3 (not shown in the Figure). Any mobile station MS registered in the 
mobile communications system can connect to base transceiver stations 
BTS1, BTS2 and BTS3 and set up a call via these base transceiver stations 
or connect to the radio channels of these base transceiver stations by means 

20 of handover. For base transceiver station BTS9 (not shown in the Figure) in 
cell C9, the CELL_BAR_ACCESS parameter is enabled. Restricted 
handover in accordance with the present invention, based on the subscriber 
class that the mobile station involved is assigned to, has also been defined 
for the base transceiver station BTS9. When the mobile station MS moves 

25 from cell C1 to cell C9, measurements show that the signal from the base 
transceiver station BTS9 is more favourable for radio connection than the 
signal from BTS1 . If no call is in progress on the mobile station MS, it will 
make an attempt to initiate any call set-up through the base transceiver 
station BTS9. If the mobile station MS does not belong to any authorised 

30 subscriber category, such as test users, the CELL_BAR_ACCESS 
parameter will prevent, in accordance with the state of the art, the set-up of a 
call via the base transceiver station BTS9. If a call is in progress when the 
mobile station MS moves into the area of base transceiver station BTS9, 
handover in accordance with the present invention is carried out as 

35 explained below. 
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Figure 3 shows the handover method in accordance with the 
invention in the form of a flow chart. In Figure 3, item 31, authorised 
subscriber classes are defined for the base transceiver station BTS, BTS9 in 
the case of Figure 2, to allow or deny handover of calls to this particular base 
5 transceiver station. The authorised subscriber classes are defined for the 
base transceiver station involved by preferably entering them in a list of 
neighbouring cells using the subscriber categories currently in use in the 
mobile communications network in accordance with the state of the art, such 
as the PIE (Priority Information Element) subscriber class. To accomplish 

10 this, authorised subscriber classes for which handover to the base 
transceiver station is allowed can be defined in the base transceiver station 
data, such as the list of neighbouring cells, or, alternatively, the unauthorised 
subscriber classes for which access by means of handover is denied, in 
which case the handover is allowed for all classes other than those entered 

15 in the list of unauthorised subscriber classes. One or several such subscriber 
classes can be defined in the base transceiver station data. When the mobile 
station moves while a call is in progress, the need for handover is monitored 
in the mobile communications network, e.g. in the base station controller 
BSC, based on the results of measurements in accordance with the state of 

20 the art. When the mobile station MS moves from cell C1 area to cell C9 area, 
the base station controller BSC detects from the results of the 
measurements that a better signal level or quality is available from a cell 
other than the current serving cell, for example. The base station controller 
BSC determines that handover to the base transceiver station BTS9 is 

25 advantageous. In accordance with the present invention, prior to handover to 
the base transceiver station to which access is restricted with regard to 
handover, the base station controller BSC compares the subscriber class of 
the mobile station MS, such as the PIE subscriber class entered in the 
subscriber data of the mobile station, with the subscriber classes authorised 

30 for handover to the base transceiver station BTS9 (item 32). If the subscriber 
class of the mobile station MS is among the classes with access to the base 
transceiver station BTS9, handover of the call in progress at the mobile 
station MS is effected to the base transceiver station BTS9 (item 34). If the 
subscriber class of the mobile station MS involved is not allowed for the base 

35 transceiver station BTS9, no handover will take place; instead, access of the 
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mobile station MS to the base transceiver station BTS9 is denied (item 36). 
Moreover, it is possible to define, in the base station controller, a quarantine 
period during which no handover of the mobile station to this particular base 
transceiver station will be attempted, if handover is barred in accordance with 
5 the present invention. 

Thus, in the handover procedure in accordance with the present 
invention, the subscriber class of the mobile station is introduced as an 
additional handover criterion, when such a restriction is set for the base 
transceiver station of the target cell for handover. A method of handover in 

10 accordance with the present invention is only effected when the subscriber 
class access restriction is enabled on the base transceiver station involved. 
As a result, handover in accordance with the present invention can be 
effected in such a way that it only concerns some of the base transceiver 
stations in the network. If necessary, subscriber classes for handover may be 

15 defined for all base transceiver stations and the access restriction activated 
using a suitable parameter. When the said parameter is enabled, subscriber 
classes will be checked in response to a handover request to the base 
transceiver station in accordance with the present invention. 

In another embodiment of the invention, handover can be effected 

20 by having the base station controller first compare the subscriber class of the 
mobile station with the authorised subscriber classes defined for the base 
transceiver station and, if the base transceiver station involved allows 
handover for the particular mobile station MS involved, the base station 
controller would only then check for other handover criteria, such as a better 

25 signal level, better quality or lower transmission power. 

Handover in accordance with the present invention is also suitable 
for directed retry, when a radio channel suitable for radio connection is found 
in the call set-up phase in a base transceiver station other than the station 
where the call set-up signalling was carried out. This makes it possible to 

30 speed up the transfer of calls of authorised mobile stations to the traffic 
channel of a special base transceiver station during call set-up. This 
procedure is particularly beneficial when the base transceiver station, which 
took care of the call set-up signalling, is under a heavy load. 

The functions associated with the present invention are located, 

35 for example, in the unit making the handover decision in the mobile 
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communications network, preferably in the base station controller BSC. The 
mobile communications system in accordance with the invention includes the 
means for defining the subscriber classes for handover, comparison means 
for comparing the subscriber class of the mobile station with those subscriber 
5 classes with access to the base transceiver station, and restriction means 
responsive to the comparison means for preventing handover to the base 
transceiver station involved, if the subscriber class of the mobile station 
concerned is not among those subscriber classes with access to the base 
transceiver station. 

10 The drawings and related description is intended only for the 

purpose of illustrating the idea of the invention. With regard to details, 
handover in accordance with the present invention may vary within the scope 
of the patent claims. Although the invention is explained above mainly with 
reference to a base transceiver station used for testing, the method may also 

15 be used for other restricted-access purposes of base transceiver stations. 
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Claims 

1. A method of handover in a mobile communications system 
including base transceiver stations (BTS) and mobile stations (MS) which 
establish a radio connection with the base transceiver stations and for which 

5 a subscriber class is assigned based on properties other than those of the 
mobile terminal in such a way that some of the mobile stations belong to one 
subscriber class and some to at least one other subscriber class, where 
signals from the base transceiver stations are measured by the mobile 
station (MS), the signal level and quality of a radio connection is measured at 

10 the base transceiver station (BTS), a need for handover is determined and a 
target base transceiver station for handover is selected based on the results 
of the said measurements, characterized in that in this method 

at least one subscriber class is defined for at least one base 
transceiver station (BTS9) to serve as the subscriber class for handover, and 

15 handover to the said base transceiver station (BTS9) is only 

allowed for those mobile stations (MS), whose subscriber class is one of the 
handover subscriber classes defined for the base transceiver station 
involved (BTS9). 

2. A method in accordance with patent claim 1, charact- 
20 e r i z e d in that 

at least one authorised subscriber class is defined for at least one 
base transceiver station (BTS9), 

the subscriber class of the mobile station is compared with 
authorised subscriber classes defined for the base transceiver station, and 
25 handover to the said base transceiver station (BTS9) takes place 

when the subscriber class of the mobile station involved is one of the 
authorised subscriber classes specified for the said base transceiver station. 

3. A method in accordance with patent claim 1 , c h a r a c t - 
e r i z e d in that 

30 at least one unauthorised subscriber class is defined for at least 

one base transceiver station (BTS9) 

the subscriber class of the mobile station is compared with the 
unauthorised subscriber classes specified for the base transceiver station 
and 
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handover to the said base transceiver station (BTS9) takes place 
when the subscriber class of the mobile station involved is not one of the 
unauthorised subscriber classes specified for the base transceiver station. 

4. A method in accordance with any of the patent claims 1 , 2 or 3, 
5 characterized in that handover of the mobile station (MS) to the said 
base transceiver station (BTS9) is prevented for a pre-set quarantine time 
defined for the base transceiver station involved as of the time when it is 
determined that the subscriber class of the mobile station is not one of those 
authorised for handover to the base transceiver station (BTS9) involved. 
10 5. A method in accordance with patent claim 1, character- 

ize d in that a parameter is enabled on the base transceiver station (BTS9) 
to acknowledge subscriber class as a handover criterion. 

6. A method in accordance with any of the patent claims 1 through 
5, characterized in that the subscriber class is indicated by means 

15 of PIE (Priority Information Element). 

7. A mobile communications system including base transceiver 
stations (BTS) and mobile stations (MS) which establish radio connection 
with the base transceiver stations and for which a subscriber class is defined 
based on properties other than those of the mobile terminal in such a way 

20 that some of the mobile stations belong to one subscriber class and some to 
at least one other subscriber class, the said mobile communications system 
being arranged to measure the signals from the base transceiver stations at 
the mobile station (MS) , to measure the signal level and quality of a radio 
connection established at the base transceiver station (BTS), to determine a 

25 need for handover and to select a target base transceiver station for 
handover based on the results of the said measurements, character- 
ize d in that, in addition, the mobile communication system is arranged 

to assign subscriber classes to at least one base transceiver 
station for handover purposes, 

30 to compare subscriber classes of a mobile station with those 

specified for the base transceiver station for handover purposes and 

to allow handover of the mobile station to the said base 
transceiver station only if the subscriber class of the mobile station is one of 
those authorised for handover to the base transceiver station involved. 
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8. A base station controller with at least one base transceiver 
station (BTS) operating under it and including means for determining the 
need for handover and means for selecting a target base transceiver station 
for handover, characterized in that it also includes means for 
5 assigning subscriber classes for handover to the base transceiver station 
based on properties other than those of the mobile terminal, comparison 
means for comparing the subscriber class of the mobile station with the 
subscriber classes for handover defined for the base transceiver station and 
restriction means responsive to the comparison means for preventing 
10 handover to the base transceiver station involved, if the subscriber class of 
the mobile station is not one of the subscriber classes authorised for 
handover specified for the base transceiver station involved. 
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